This article was prepared at the invitation of the Clinical Sciences Reviews Committee of the Association for Clinical Biochemistry Systemic vasculitis, although rare, is often diagnosed late and long after the onset of symptoms. The small vessel vasculitides are recognized clinically by their multisystem presentation, markers of inflammation and evidence for an acute glomerulonephritis (GN), with the most apparent organ involved directing referral to secondary care. Routine laboratory tests are usually non-specific in systemic vasculitis but the use of anti-neutrophil cytoplasmic antibodies (ANCAs) and glomerular basement membrane (GBM) antibodies can aid diagnosis, treatment and monitoring decisions. These antibodies are detected and quantified by indirect immunofluorescence (IIF) and antigen-specific enzyme-linked immunosorbent assay (ELISA), usually in combination for ANCA, and ELISA systems (or direct IIF on kidney biopsy) for GBM antibodies. The presence or absence of ANCA does not confirm or exclude the diagnosis of systemic vasculitis but negative and positive predictive values will be strongly influenced by clinical presentation. Various large studies have been unable to conclude that following serial ANCA titres has great clinical utility in each case but each patient must be considered on its own merits; for example the reappearance of ANCA in a patient who was rendered ANCA negative following treatment is more likely to indicate relapse. The adoption of consensus guidelines that direct testing towards patients with rapidly progressive GN, pulmonary haemorrhage, persistent and destructive ear, nose and upper airways problems, such as subglottic tracheal stenosis, a retro-orbital mass and cutaneous vasculitis with systemic features or peripheral neuropathy, will greatly increase the clinical utility and positive predictive value of these tests.
Introduction
In1982, a series of patients with pauci-immune glomerulonephritis (GN) were reported to have antibodies directed against neutrophil cytoplasmic antigens. 1 It was thought that these antibodies may have been linked to Ross Rover virus infections but later in 1985, the same antibodies were described in Wegener's granulomatosis (WG) patients. 2 Since then, the interest in these anti-neutrophil cytoplasmic antibodies (ANCAs) has grown and ANCA testing currently plays a very important role in the diagnosis and classi¢cation of systemic vasculitides, such as WG, microscopic polyangiitis (MPA) and 'renal-limited' vasculitis (pauci-immune GN without evidence of extra-renal disease). The study of these antibodies has contributed to new pathogenetic concepts and improved nomenclature of some of the systemic vasculitides. However, the application of ANCA testing as a clinical diagnostic tool still has aspects that remain open for discussion.
Glomerular basement membrane (GBM) antibody disease is associated with circulating primary antibodies directed against the non-collagenous (NC1) domain of the a-3 chain of the type IV collagen held within the GBM and also in the alveoli. 3 Some use the term 'Goodpasture's syndrome' to describe patients presenting with the typical clinical ¢ndings of pulmonary haemorrhage and GN and the original description of the syndrome may well have included other pulmonary-renal diseases, includingWG. Others use this term synonymously with GBM antibody disease. The diagnosis of the disease requires the demonstration of these antibodies in either the serum or in a biopsy sample taken from the kidney. The latter should always be considered, as some of the methods used to test for GBM antibodies are inaccurate.
Both areas have bene¢ted to a great extent from the serologic detection of autoantibodies associated with the diseases, and this review is designed to look at both the clinical and laboratory aspects of these systemic diseases.
Although relatively rare in clinical practice, systemic vasculitis is important because of the associated high mortality and long-term morbidity. Large, medium and small vessel vasculitides cause clinically distinct syndromes although initial presentation is often similar with rather imprecise symptoms and signs. As a consequence, vasculitis is usually not suspected initially and the disease goes undiagnosed until the clinical syndrome becomes more obvious.
Although clinical classi¢cations of vasculitis, such as The American College of Rheumatology classi¢cation of 1990, 4--8 are frequently used in clinical practice, they do not allow adequate distinction between those with associated renal disease. 9 The nephrological community has, on the whole, adopted the histological classi¢cation of the Chapel Hill Consensus Conference (CHCC). 10 This was an attempt to classify systemic vasculitis on the basis of vessel size, details of which are given in Table 1 .
The large vessel vasculitides include Takayasu arteritis and giant cell arteritis. Takayasu is more common in young women, has an incidence of around 1--3/ million and presents with non-speci¢c in£ammatory 
Classification Description
Large vessel vasculitis Giant cell (temporal) arteritis Granulomatous arteritis of the aorta and its major branches, with a predilection for the extracranial branches of the carotid artery. Often involves the temporal artery. Usually occurs in patients older than 50 years and is often associated with polymyalgia rheumatica.
Takayasu arteritis
Granulomatous inflammation of the aorta and its major branches. Usually occurs in patients younger than 50 years.
Medium-sized vessel vasculitis Polyarteritis nodosa
Necrotizing inflammation of medium-sized or small arteries without glomerulonephritis or vasculitis in arterioles, capillaries or venules.
Kawasaki disease
Arteritis involving large, medium-sized and small arteries, and associated with mucocutaneous lymph node syndrome. Coronary arteries are often involved. Aorta and veins may be involved. Usually occurs in children.
Small vessel vasculitis
Wegener's granulomatosis Granulomatous inflammation involving the respiratory tract, and necrotizing vasculitis affecting small-to medium-sized vessels (that is, capillaries, venules, arterioles and arteries). Necrotizing glomerulonephritis is common.
Churg-Strauss syndrome
Eosinophil rich and granulomatous inflammation involving the respiratory tract, and necrotizing vasculitis affecting small-to medium-sized vessels, and associated with asthma and eosinophilia.
Microscopic polyangiitis
Necrotizing vasculitis, with few or no immune deposits, affecting small vessels (that is, capillaries, venules or arterioles symptoms followed by large artery involvement, e.g. claudication and peripheral vascular insu⁄ciency. 11 Giant cell arteritis is more common and erythrocyte sedimentation rate (ESR) is universally used to support its diagnosis. It has an approximate incidence of 200/ 100,000 over age 50 years and although it may be generalized is most frequent in cranial arteries arising from the aortic arch. There is signi¢cant risk of sudden blindness. 12 Polymyalgia rheumatica is a closely associated condition. For both of these, prednisolone is the mainstay of treatment. Kawasaki disease is a medium-sized vessel arteritis in children. There is self-limiting systemic in£ammation with lymphadenopathy, lasting for an average of 12 days. It is complicated by large or medium size arteritis resulting in problems, such as coronary artery aneurysms. 13 Aetiology is uncertain, but an infectious agent is suspected. Early suspicion and use of intravenous immunoglobulin has reduced the vascular complication rate.
Polyarteritis nodosa (PAN) is a vasculitis with systemic symptoms often associated with hepatitis B infection, which classically causes medium size artery aneurysms sometimes associated with bleeding. 6 The diagnosis must not be confused with the small vessel vasculitides, which are often associated with an ANCA, as the treatment and outcome di¡er. It is worth emphasizing that, despite the early literature, which included cases of MPA, classic PAN is rarely an ANCA-associated vasculitis.
The small vessel vasculitides are frequently associated with renal involvement and are the focus of this review. The American College of Rheumatology classi-¢cation 5 does not di¡erentiate PAN and the small vessel vasculitides, whereas CHCC identi¢es four di¡erent diseases: PAN, WG, Churg--Strauss syndrome (CSS) and MPA. In Europe, the incidence of these is around 19.8/ million population. 14 In total, 8.4--11.6/million meet the CHCC criteria for MPA. 15 Although the Consensus spe-ci¢es that WG should have evidence of granulomatous in£ammation, clinicians often use this term even when there is no histology available, or no granulomata iden-ti¢ed and even when seen, they are rather 'loose' and not classic granulomata. It is more correct to use the term MPA for these patients. These conditions and CSS (asthma, eosinophilia, necrotizing small/mid vessel vasculitis and eosinophilic granulomatous in£ammation) often have renal involvement with a pauciimmune focal segmental necrotizing GN. This is sometimes a'crescentic GN' , i.e. more than 50% of glomeruli have crescents of cells within Bowman's space ( Figure 1 ). Other terms used by clinicians include rapidly progressive GN (RPGN) and 'renal-limited' vasculitis. In reality, if patients are questioned closely, disease is rarely limited to the kidneys. 16 Although the terms in use are diverse and at times may seem misleading, all suggest serious renal involvement and indicate early aggressive immunosuppressive therapy. A similar GN with associated lung involvement occurs with antibodies to the GBM, often now called anti-GBM disease or Goodpasture's disease. Goodpasture's 'syndrome' was described before GBM antibodies or ANCA could be identi¢ed and the original series probably included subjects with other conditions. In consequence, the term Goodpasture's syndrome is often used to describe a 'pulmonary-renal syndrome' in which there is an association of GN with lung involvement whatever the underlying disease process.
The small vessel vasculitides are recognized clinically by their multisystem presentation, markers of in£ammation and evidence for an acute GN (deteriorating renal function, urinalysis positive for blood and protein and granular or cellular casts on urine microscopy). The symptoms, signs and routine laboratory test abnormalities are non-speci¢c and consideration of vasculitis as a diagnosis is often delayed. The most apparent organ involved directs referral to secondary care. Once the possibility is raised, a positive ANCA (see below) is supportive, but not diagnostic. Whether there is a perinuclear ANCA (P-ANCA) or a cytoplasmic ANCA (C-ANCA) currently has little e¡ect on treatment as the disease is treated and followed up similarly. In disease with renal involvement, 10--27% may be ANCA negative. 16, 17 Histological con¢rmation is required; this is commonly with renal biopsy, but biopsy of airways, skin or peripheral nerves etc. may be appropriate. Other conditions with similar presentation, such as systemic lupus erythematosus (SLE), cryoglobulinaemia, bacterial endocarditis or other chronic infections are also considered when requesting investigations. It is very likely that at least some of these will be ANCA positive, which will add to the diagnostic dilemma.
When disease is life threatening, e.g. pulmonary haemorrhage, immunosuppression may be started before histological con¢rmation is available. Rapid ANCA testing provides valuable support to the clinician in this situation. Initial immunosuppression is usually with high-dose prednisolone and oral cyclophosphamide. Plasma exchange is added in severe disease, e.g. those with pulmonary involvement, serum creatinine concentrations above 500 mmol/L or who are dialysis dependant. 18 Once disease is in remission, usually by about three months, cyclophosphamide is replaced with azathioprine. 19 This, along with prednisolone, is continued at gradually reducing doses for several years.
As there is often delay in diagnosis, the outcome remains poor, 20 with about 23--39% of those with renal involvement requiring long-term renal replacement therapy. 16, 21, 22 Mortality is 26--32%. 16, 20, 21 Relapse rates of 34% have been described. 20 The continuation of ANCA positivity predicts the likelihood of relapse. If positive at one year the relative risk is 1.9. 23 Although ANCA is monitored during treatment, modi¢cations to immunosuppression are based on clinical evidence of recurrent disease. Relapse can occur early as immunosuppressive drug doses are cut, but may also occur after many years of complete remission and a prolonged immunosuppressive drug-free period. Relapse is usually identi¢ed rapidly and therapy is often initiated before signi¢cant morbidity occurs.
Transplantation is successfully done in those with renal failure once disease is controlled. 16 There is some risk of relapse post renal transplant, particularly with pulmonary disease. 24 
Laboratory investigation of small vessel systemic vasculitis
Routine laboratory tests are usually non-speci¢c in diseases like WG; there may be a leucocytosis, thrombocytosis, an increased ESR and a normochromic normocytic anaemia. ANCAs are usually of IgG class and, although IgA ANCAs have been described in patients with Henoch--Sch˛nlein purpura and in patients with pulmonary-renal syndromes, and IgM ANCA found in Kawasaki disease, 25 for routine diagnostic purposes only IgG antibodies are assayed. No clear IgG subclass prevalence or clinical signi¢cance has been established.
Two types of ANCA assays are most commonly used: indirect immuno£uorescence (IIF) assays and enzymelinked immunosorbent assays (ELISAs), with IIF assays being more sensitive and ELISAs more speci¢c for ANCA-related vasculitis. The best approach for testing for ANCA is likely to involve a screen with the more sensitive IIF assay and to con¢rm any new positive results with ELISAs directed against the vasculitis-speci¢c target antigens. 26, 27 However, the IIF assays are labour intensive, subject to an individual's microscope interpretation skills in terms of ANCA patterns or interference by anti-nuclear antibody (ANA). Therefore, there is a subjective component to the interpretation of IIF assays which, because the tests are based upon visual interpretation of the IIF pattern, is sometimes not straightforward. These ANCA IIF patterns are shown in Figure 2 . The assay involves the use of a preparation of peripheral blood neutrophils, which are gently spun down onto a microscope slide and ethanol ¢xed. Patient's serum is added, and after incubation, the slide is washed and any antibody reacting to a neutrophil component is visualized using a £uorescein-linked anti-human IgG antibody. This preparation can then be examined under £uorescence microscopy for the characteristic ANCA patterns seen in Figure 2 . To a large degree, the positive or negative predictive value of the test result depends upon the experience of the C-ANCA pattern P-ANCA pattern Figure 2 Indirect immunofluorescence patterns associated with cytoplasmic (C-ANCA) and perinuclear (P-ANCA). These are neutrophil preparations from the authors' own laboratory. Note the staining in the C-ANCA pattern is distributed evenly throughout the cytoplasm whereas the staining in the P-ANCA pattern is restricted to the area adjacent to the nucleus. With ethanol fixation of the neutrophil substrate, positively charged granule constituents rearrange themselves around the negatively charged nuclear membrane, leading to a perinuclear fluorescence individual performing the assay; thus, the positive and negative predictive values are likely to be better with results from a research lab, than with a commercial assay. Such services may not always be readily available in all clinical laboratories. Similarly, negative and positive predictive values are a¡ected by the population studied and will be high in patients with renal involvement, lower in other circumstances, and poor in the hands of general practitioner requestors. ANCA testing is not approached in a standardized fashion and the sensitivity and speci¢city will vary across laboratory services.
In small vessel vasculitis, the two most relevant target antigens are proteinase 3 (PR3) and myeloperoxidase (MPO). Both PR3 and MPO are located in the azurophilic granules of neutrophils and the peroxidase-positive lysosomes of monocytes.When the serum samples of patients with ANCA-associated vasculitis are incubated with ethanol-¢xed human neutrophils, two major IIF patterns can be seen. The ¢rst is the 'C-ANCA' pattern, in which the staining is di¡use throughout the cytoplasm. In most cases, antibodies directed against PR3 cause this pattern 28, 29 but MPO-ANCA and bactericidal permeability increasing protein, BPI-ANCA, can occasionally be responsible.
The P-ANCA pattern results from a staining pattern around the nucleus, which actually represents an artefact of the ethanol ¢xation of the neutrophils used in the test. With ethanol ¢xation of the neutrophil substrate, positively charged granule constituents rearrange themselves around the negatively charged nuclear membrane, leading to perinuclear £uorescence. 30 Among vasculitis patients, the antibody responsible for this pattern is usually directed against MPO (and only occasionally PR3). Patients with rheumatoid arthritis (RA) and SLE may have ANCA and vasculitis but the ANCAwill often not be MPO-ANCA, but one of the other antigens, such as elastase or lactoferrin.
Although the classical granular C-ANCA initially seemed to be speci¢c for the electrolytic enzyme PR3 and the P-ANCA detected in MPA appeared to be non-speci¢c for the enzyme MPO, it soon became clear that antibodies directed against many other antigens may give rise to positive IF staining as well.
Atypical ANCA patterns, sometimes known as 'snowdrift pattern ANCA', may be seen on IIF testing in patients with immune-mediated conditions other than systemic vasculitis (e.g. connective tissue disorders, in£ammatory bowel disease and autoimmune hepatitis). Such patterns may be confused with P-ANCA patterns so caution is required in the interpretation of both positive C-and P-ANCA IIF patterns.
ANCA testing remains unstandardized and in assessing ANCA testing in clinical practice it must be borne in mind that most studies of ANCA serologies have been performed at tertiary care centres using research laboratories that concentrate on ANCA testing. Translating the test characteristics from the environment of research laboratories to clinical practice must be done with caution.
IIF results are poorly speci¢c with the C-ANCA pattern having a greater speci¢city than the P-ANCA pattern for vasculitis. However, in one series of consecutive assays from a tertiary care centre, even positive C-ANCA IIF results were associated with vasculitis in only 50% of patients. 31 In a study of 779 patients, Davenport et al. 32 demonstrated that IIF microscopy had a 40% positive predictive value overall for ANCArelated vasculitis. Antibodies to a number of azurophilic granule proteins can cause a P-ANCA staining pattern. These include antibodies directed against lactoferrin, elastase, cathepsin G, BPI protein, catalase, lysozyme and beta-glucuronidase. A positive P-ANCA IIF staining pattern may also be detected in a wide variety of in£ammatory illnesses, and has a low speci-¢city for vasculitis. A positive IIFassay should therefore always prompt testing by ELISA to determine whether the antibodies are MPO or PR3 speci¢c. There are speci¢c antibody ELISAs to some of the other ANCA antigens but the clinical indications for their use are unclear at present.
It is frequently di⁄cult to distinguish the P-ANCA pattern of IIF from that caused by ANAs; thus, individuals with ANA frequently have 'false-positive' results on ANCA testing by IIF. Rigorous IIF testing procedures for ANCA include the use of both formalin-and ethanol-¢xed neutrophil substrates; this is because formalin-¢xed neutrophils prevent the rearrangement of charged cellular components around the nucleus. The use of both cell substrates permits the distinction between antibodies causing a 'true' P-ANCA pattern and those directed against the nuclear antigens (ANA). IIF assays on both formalin-and ethanol-¢xed substrates can be routinely done on all ANCA assays but with the advent of antigen-speci¢c ELISAs, we are not convinced this formalin ¢xing stage is necessary and the authors' own laboratory has stopped doing them. Direct ELISA methods are now available for the two most clinically signi¢cant ANCA antigens, MPO and PR3, and most of these perform very well in identifying and quantifying the antibodies. The best performing assays are nearly as sensitive as IIF and more speci¢c for systemic vasculitis. Most laboratories ¢nd that C-ANCA IIF patterns and positive PR3 results are more speci¢c for vasculitis than P-ANCA and MPO results because of the latter's association with other autoimmune diseases. IIF and direct ELISA for the investigation of small vessel vasculitis have been compared many times, 33 and a recent addition has come in the form of capture ELISAs. These were developed to address the discrepancies that can arise between IIF results and direct ELISAs because of the likelihood that conformational epitopes might be hidden or destroyed during the coating of the antigen onto the solid phase; so that there may be doubt as to which is the better indicator of disease activity. 33 In these capture ELISAs, the solid phase is pre-coated with a monoclonal antibody that traps the native or recombinant antigen to reveal its target antigenic epitopes. They are not widely used in the UK and are undergoing evaluation. One such assay was almost equivalent in terms of speci¢city and sensitivity to a direct ELISA and IIF assay and another group report that the sensitivity for WG was increased by 50% without compromising speci¢city. 34, 35 Their performance in di¡erent routine laboratory settings is yet to be evaluated fully and such ¢ndings are not universal. 36 It is not only IF tests that may be di⁄cult to interpret in that some SLEs have 'true' P-ANCA on IIF. A falsepositive MPO ELISA may result from the binding of DNA contained in the antigen-binding site of anti-double-stranded DNA antibodies to highly cationic MPO used as substrate antigen in the ELISA. 37 It was recently shown that some commercially available MPO ELISA kits showed positive MPO-ANCA results in anti-double-stranded DNA-positive serum samples from patients with SLE. 38 
Does a positive ANCA always mean systemic vasculitis?
The demonstration of ANCA is very useful in the diagnosis of WG and MPA, with raised concentrations at initial clinical presentation. The diagnostic accuracy of ANCA was reviewed and extensively evaluated in a large multicentre European collaborative study. 27 The majority of patients with generalized WG have GN and the vast majority (90%) are ANCA positive, whereas those without renal involvement have a lower incidence of ANCA (70%). 33 Approximately 70% of patients with MPA are ANCA positive. 39 Unlike WG, most ANCApositive MPA patients have MPO antibodies, with a minority having PR3-ANCA. Both PR3 and/or MPO antibodies may occur in both WG and MPA and as a result, these diseases cannot be distinguished on the basis of ANCA speci¢city. The lack of consensus concerning the de¢nition of MPA also clouds the issue here. The distinction between WG and MPA is important chie£y because of di¡erential tendencies to £are. Although both diseases may £are after the achievement of remission, WG is very much more likely to relapse. 40 ANCA, both PR3 and MPO antibodies, have been described in patients with CSS, with a preponderance of the latter antibodies. Approximately three-quarters of CSS patients are ANCA positive, with this sensitivity being higher in those with untreated and active disease. ANCA-positive patients are more likely to have GN, alveolar haemorrhage and neurological disease, whereas ANCA-negative patients are more likely to have cardiac and other pulmonary involvement. However, there is little agreement in the literature on this and there are many clinical subtypes among CSS patients with and without ANCA. 41--43 Although ANCA occurs in other systemic vasculitides, such as CSS, at an incidence of around 70%, they do not occur in related forms of small vessel vasculitis, such as cryoglobulinaemic vasculitis. 33 However, a number of different therapies are associated with ANCA-positive results. Most notable are the drugs used in the treatment of hyperthyroidism: propylthiouracil and carbimazole. Almost one-third of treated hyperthyroid patients have ANCA and this increases with the duration of treatment. 33 Other medications also induce ANCA, including many of those drugs thought to be responsible for drug-induced SLE (e.g. hydralazine and penicillamine). However, although true ANCA-related vasculitis is described in a few cases, most of these incidences are not associated with signi¢cant clinical features. 44 ANCAs are reported in the majority of ulcerative colitis and almost one-third of patients with Crohn's disease, almost 90% of patients with primary sclerosing cholangitis 45 and a similar percentage in Felty's syndrome. 46 They are also described in a minority of SLE 47 and RA patients, especially if they are a¡ected by rheumatoid vasculitis. 48 Infective processes are also associated with ANCA, e.g. Pseudomonas in cystic ¢brosis patients. 49 Clearly then, a positive ANCA does not always suggest the presence of a systemic vasculitis. Edgar et al., 50 in an audit of all ANCA requests, showed that the most common diagnosis associated with the presence of a positive ANCA was not a systemic vasculitis but rheumatoid arthritis. Table 2 summarizes the diseases and their associations with ANCA.
Does a negative ANCA exclude systemic disease?
Approximately 90% of patients with active, generalized WG are ANCA-positive. There is a10% subset of patients with this form of WG who do not have ANCA. Thus, the absence of ANCA does not exclude the diagnosis of WG. Furthermore, in limited forms of the disease (such as those patients without signi¢cant renal involvement and in whom upper respiratory tract symptoms predominate), only 60% are ANCA positive. 56 The positive predictive value of a positive ANCA result was only 47% among adults with haematuria, proteinuria and a serum creatinine of o133 mmol/L, according to Jennette et al., 28 and more than half of all such patients with positive ANCA result did not have a pauci-immune crescentic GN demonstrable by renal biopsy. If ANCA testing alone had been used to guide diagnosis and treatment, this would have led to an unacceptably high rate of misdiagnosis. Conversely, however, negative ANCA results in this setting were associated with a negative predictive value of 99% (i.e. 99% of those with negative ANCA serologies did not have a pauci-immune GN on renal biopsy). In this setting, therefore, negative ANCA serologies lend considerable con¢dence to the exclusion of pauci-immune GN and were therefore a much more valuable result in clinical terms.
What does an increasing or decreasing ANCA titre mean?
Relapse clearly has a major bearing on the outcome of systemic vasculitis and any indicator that will reliably predict such an event is worthwhile. ANCA titres may fall during treatment and often rise prior to relapse. However, the sensitivity of an increase in ANCA titre for the diagnosis of relapse appears to be as low as 24% and as high as 100% (reviewed by Lurati-Ruiz and Spertini 57 ). This immensely challenging ¢eld is greatly complicated by the many di¡erent de¢nitions of disease activity, study designs, methods and timing of ANCA testing and these may explain, in part, the high variability of results. A systematic review of 22 studies with ANCA-associated vasculitis (mostly WG patients) was unable to conclude that following serial ANCA titres has great clinical utility. 58 ANCA that persists or re-appears during the ¢rst year has been described to be signi¢cantly related to relapse in both WG and MPA patients whereas those patients whose ANCA remains negative have a low incidence of relapse. 59 When is it best to use these assays and in which patients?
The positive predictive value of ANCA testing will depend very much on the clinical presentation of the patient in whom the test is performed. A strongly positive ANCA antibody in a patient presenting with acute or rapidly progressive GN will, not surprisingly, predict the presence of WG, MPA or an idiopathic necrotizing GN, with an accuracy that approaches 98%. 28, 60 ANCA serology is particularly useful in the distinction between MPA and classical PAN which is really a vasculitis of medium size muscular arteries, and entities such as Kawasaki's disease where the majority (75%) of MPA patients are ANCA positive. Classic PAN is not usually associated with the presence of ANCA and indeed the presence of ANCA may even suggest an alternative diagnosis. 38 Consensus guidelines for ANCA have been published to help improve the accuracy of ANCA testing and interpretation by recommending that ANCA testing should only be carried out in patients with a clinical history suggestive of WG or MPA. 51 Such features include rapidly progressive GN, pulmonary haemorrhage, persistent and destructive ear, nose and upper airways problems, such as subglottic tracheal stenosis, a retro-orbital mass and cutaneous vasculitis with systemic features or peripheral neuropathy. Mandl et al. 61 showed that limiting testing to patients with such features cut the total number of tests by 23% without missing any cases of small vessel vasculitis. Their work also demonstrated a drop in false-positives by 27%. Our own work showed that our longstanding 'gating policy' to select only those requests supported by clinical data suggestive of Wegener's granulomatosis 90% of active Wegener's patients have ANCA with the vast majority of these being proteinase 3 ANCA. 33, 51 Microscopic polyangiitis 70% of MPA patients have ANCA with the majority of these being myeloperoxidase ANCA. 39 Churg-Strauss syndrome 50% are ANCA positive but this varies with disease stage and renal lung involvement. [41] [42] [43] 
Drug induced syndromes
Propylthiouracil, minocycline and hydralazine among many others are associated with a P-ANCA, although only a minority go on to develop and ANCA-related vasculitis. 44 Anti-GBM antibody disease 10-40% of GBM antibody disease are also ANCA positive, most are MPO-ANCA. 52 
Autoimmune gastrointestinal disease
ANCA reported in the majority of ulcerative colitis and primary sclerosing cholangitis; very few are MPO or PR3 positive however. 53 
Cystic fibrosis (CF)
Non-MPO ANCA common in CF particularly those with bacterial airway infections; mostly BPI ANCA in these cases. 54 
Non-vasculitic rheumatic disease
ANCA reported in virtually all inflammatory rheumatic diseases; mostly P-ANCA and most are not MPO positive. 50 
Others
Autoimmune hepatitis, leprosy, malaria, subacute bacterial endocarditis, onchocerciasis, leptospirosis, Parvovirus B19 and many others. 33, 55 systemic vasculitis and question the relevance of others, makes ANCA testing more clinically relevant and cost-e¡ective. Our criteria, built up over many years of discussion with our clinical colleagues, not surprisingly perhaps, bear a remarkable resemblance to those proposed in the consensus guidelines referred to above (Box 1). 62 Are these antibodies simply epiphenomena or are they more closely involved with the pathogenesis of systemic vasculitis?
ANCA can stimulate a respiratory burst in neutrophils that had been primed with tumour necrosis factor a (TNF-a) and cause degranulation of the cells with the consequent release of active oxygen species and proteolytic enzymes and these activated leucocytes and granule products then interact with the surface antigens on the endothelium resulting in its damage 63 so there is now mounting evidence that ANCAs are themselves pathogenic. 64, 65 Animal models have been used to demonstrate this 66 and indeed the ¢rst direct evidence in humans that ANCAs are pathogenic was seen in a newborn baby in which the maternal placental transfer of MPO antibodies resulted in a pulmonaryrenal syndrome. This responded well to treatment with corticosteroids and the syndrome resolved with the gradual disappearance of the mother's antibodies. 67 This is still controversial however as not all WG cases are ANCA positive, so their pathogenicity is still debated in all cases and the persistence of ANCA in patients with seemingly inactive disease is not clear.
What algorithm should we use to test for ANCA?
Clinical features of WG and MPA are often identical, so patients must be tested for both C-and P-ANCA and both MPO and PR3 antibodies. IIF microscopy remains the most sensitive method for the detection of ANCA if reported by skilled members of sta¡ and any temptation to replace IIF with a less labour-intensive ELISA system, while advocated by some in screening for ANAs, should be resisted, at present, for ANCA detection. We run the risk of missing small vessel vasculitis by relying on routine ELISA systems as an initial screen. 33 All positive ANCA patterns should be investigated for the presence of MPO-and PR3-ANCA. This can be accomplished by antigen-speci¢c ELISAs. Unfortunately at present these remain unstandardized, and ANCA results cannot be compared between di¡erent manufacturers' assays, with treatment recommendations based on ANCA titres remaining valid only if the same assay is used throughout the patient's disease course. This algorithm (Figure 3 ) has the backing of the International Consensus Guidelines 51 and at least another major independent study 68 which showed that the combination of IIF and PR3/MPO ELISAs had a 99% speci¢city for the diagnosis of ANCA-associated systemic vasculitis. The speci¢city of such an algorithm for WG and MPA was 73% and 67%, respectively. Importantly, this consensus document lists IIF as a 'must do'test; however it makes no mention of formalin ¢xation but describes ethanol-¢xed neutrophils only.
McLaren et al. 69 found that IIF plus PR3/MPO ELISA increased the positive predictive value of positive ANCA results from 59% to 79%. Russell et al. 36 on the other hand from the Mayo Clinic have advocated the use of ELISA screen followed by IIF as con¢rmation claiming a sensitivity of 72.1% for WG/MPA and C-ANCA by IIF having the greatest speci¢city at 99.6%. Clearly, results such as these cannot be generalized to all hospital laboratories whose performance will depend on ¢nance and the availability of specialist sta¡ to interpret results. Thus, the combined use of IIF and PR3/MPO ELISAs accompanied by adherence to published guidelines and clinical sta¡ that are aware of any infection or drug history that might be associated with ANCA-positive results will mean that the tests are applied to a population with a high pre-test probability for systemic vasculitis. However, it is clear that treatment decisions should never be based solely on ANCA results but should be based primarily on a very careful clinical assessment and any histological ¢ndings with ANCA results as a useful adjunct to these. Similarly, immunosuppressive treatment should not be unduly in£uenced by changes in ANCA titre with the proviso that a rapid rise in ANCA titre or its re-appearance after a period in which the patient has remained ANCA negative, should alert the clinicians to the possibility of relapse or concurrent infection and thus should prompt a closer observation of such patients. The same group suggested that in an ANCA-positive patient whose antibody disappears and remains undetected, this would be consistent with, but not absolutely proof of, remission. This was illustrated in a report in which 37 of 100 patients with ANCA-associated vasculitis suffered £ares during the period of observation. Of these, 13 (8%) were ANCA negative at the time of relapse. 70 How and when should we test for GBM antibodies?
ELISA systems are best employed to detect these antibodies, with IIF being a much less reliable method in terms of its sensitivity and a very much more labour-intensive method requiring experienced personnel to interpret the complex kidney IIF patterns. Indeed, the latter investigation is rarely carried out in routine laboratories for these very reasons. High antibody titres are found in rapidly progressive disease, with sensitivity in serum assays ranging from 63% to 100%. 71 These assays should employ native and recombinant human a-3 (IV) antigen substrates, where the sensitivity and speci¢city for Goodpasture's syndrome is reported to be 95--100% and 91--100%, respectively. 71 Patients with acute GN with or without pulmonary involvement (e.g. haemorrhage) may also have WG or other systemic vasculitis, so it is always prudent to test for ANCA as well as GBM antibodies in such patients. Indeed, a minority of patients (up to 40%) with GBM antibody disease will test positive forANCA and may even show signs of a systemic vasculitic process. These tests should be performed in patients with rapidly progressive GN with acute renal failure which is accompanied by proteinuria. Pulmonary involvement may be present with symptoms such as shortness of breath, haemoptysis or pulmonary in¢ltrates on X-ray. Systemic complaints such as fever or arthralgia are not usually present and if these are reported, there may be a concurrent vasculitis. 52
Conclusion
The investigation of systemic small vessel vasculitis has bene¢ted greatly from the serological investiga-tions described above. IIF investigations remain the most sensitive ¢rst-line test and these should be followed up with more speci¢c ELISAs for the PR3 and MPO antibodies. It is worth noting that the consensus document above suggests doing both on everybody is 'ideal' practice. There is a signi¢cant cost implication and what we do is considered 'acceptable' because these tests in combination provide a sensitive and spe-ci¢c marker for small vessel ANCA-associated vasculitis. The use of this protocol along with adherence to published test requesting guidelines by experienced personnel will enable these tests to have a greater impact on the classi¢cation, diagnosis and management of these diseases, as ANCA with di¡erent and unknown antigen speci¢city also occur in other nonvasculitic conditions. The long-disputed pathogenic role of these antibodies, although still controversial, is gaining credence. ANCA titres are usually high on initial presentation and fall with treatment and, although diagnosis and treatment of these small vessel vasculitides are based primarily on clinical and histological parameters, the occurrence of ANCA antibodies and their changing titres with disease course can in£uence their management. With regard to GBM antibodies, ELISA systems o¡er a far more speci¢c and less technically challenging means of identifying the antibodies responsible for GBM antibody disease and Goodpasture's syndrome.
